Objective: To evaluate the prevalence and correlates of left ventricular thrombosis in patients with acute myocardial infarction, and whether the occurrence of early mitral regurgitation has a protective effect against the formation of left ventricular thrombus. Design and setting: Multicentre clinical trial carried out in 47 Italian coronary care units. Patients and methods: 757 patients from the GISSI-3 echo substudy population with their first acute myocardial infarct were studied by echocardiography at 24-48 hours from symptom onset (S1), at discharge (S2), at six weeks (S3), and at six months (S4). The diagnosis of left ventricular thrombosis was based on the detection of an echo dense mass with defined margins visible throughout the cardiac cycle in at least two orthogonal views. Results: In 64 patients (8%), left ventricular thrombosis was detected in one or more examinations. Compared with the remaining 693 patients, subjects with left ventricular thrombosis were older (mean (SD) age: 64.6 (13.0) v 59.8 (11.7) years, p < 0.005), and had larger infarcts (extent of wall motion asynergy: 40.9 (11.5)% v 24.9 (14)%, p < 0.001), greater depression of left ventricular ejection fraction at S1 (43.3 (6.9)% v 48.1 (6.8)%, p < 0.001), and greater left ventricular volumes at S1 (end diastolic volume: 87 (22) v 78 (18) ml/m 2 , p < 0.001; end systolic volume: 50 (17) v 41 (14) ml/m 2 , p < 0.001). The prevalence of moderate to severe mitral regurgitation on colour Doppler at S1 was greater in patients who had left ventricular thrombosis at any time (10.2% v 4.2%, p < 0.05). On stepwise multiple logistic regression analysis the only independent variables related to the presence of left ventricular thrombosis were the extent of wall motion asynergy and anterior site of infarction. Conclusions: Left ventricular thrombosis is not reduced, and may even be increased, by early moderate to severe mitral regurgitation after acute myocardial infarction. The only independent determinant of left ventricular thrombosis is the extent of the akinetic-dyskinetic area detected on echocardiography between 24-48 hours from symptom onset. L eft ventricular thrombosis is a well recognised complication of acute myocardial infarction and represents a possible source of systemic embolism. Clinicopathological studies have shown that left ventricular thrombus formation after an infarct is related to the site and size of the infarct and the degree of pump failure. 1 2 Different prevalences of left ventricular thrombosis have been found in patients with anterior or inferior acute myocardial infarcts, ranging from 25-55% in the former and from 2-4% in the latter. [3] [4] [5] In the GISSI-3 patient population, which was at low to medium risk of left ventricular thrombosis, Chiarella and colleagues reported a 5.1% predischarge prevalence of ventricular thrombi, with the highest occurrence rate among patients with anterior acute myocardial infarction and an ejection fraction of less than 40%. 6 In that study, both Killip class > 1 and early intravenous β blocker treatment were independently associated with a greater likelihood of left ventricular thrombus formation before discharge after an anterior acute myocardial infarct. Recently, it has been reported that abnormal left ventricular flow patterns in the setting of acute myocardial infarction are strongly associated with thrombus formation. 7 8 A protective role of severe mitral regurgitation against left ventricular thrombosis has been shown recently in patients with dilated cardiomyopathy. 9 The protective effect of mitral regurgitation may be a result of increased early diastolic inflow velocities at the mitral annulus or through the entire length of the left ventricle. 10 11 Few data from prospective studies are available on the effect of mitral regurgitation on left ventricular thrombus formation in patients with acute myocardial infarction. 12 Our aims in this study were to use cross sectional and colour Doppler echocardiography-which are widely employed, non-invasive techniques for assessing mitral regurgitation and left ventricular thrombus formation 13 14 -to determine the prevalence and correlates of left ventricular thrombosis in a sample of patients with acute myocardial infarction; and also to determine whether early mitral regurgitation (within 48 hours of acute myocardial infarction), with increased inflow velocities, is protective against left ventricular thrombus formation.
METHODS
The GISSI-3 echo substudy initially evaluated a subset of 925 patients (from 47 coronary care units) from among the 19 394 patients randomised within the GISSI-3 trial. 15 Forty seven patients (5%) did not have confirmed acute myocardial infarction and were excluded, while the remaining 878 (95%) with echocardiographic recordings suitable for qualitative and quantitative analysis were enrolled in the study. The protocol required serial standard ECG and echocardiographic studies at 24-48 hours from symptom onset (S1; mean (SD), 36 (8) hours); at hospital discharge (S2; 12 (4) days); at six weeks (S3; 48 (9) days); and at six months (S4; 194 (17) days) after acute myocardial infarction.
Echocardiographic study
Echocardiographic scans were obtained using commercially available instruments. Images were recorded on 0.5 inch VHS videotapes to allow real time and slow motion playback review and quantitative analysis. In each patient, multiple views were obtained in the parasternal long and short axis, apical four chamber, apical two chamber, and subcostal long and short axis planes. Short axis views were recorded at basal (mitral valve level), middle (papillary muscle level), and apical positions.
All cross sectional echocardiograms were submitted to the core laboratory at the Research Centre of the National Association of Hospital Cardiologists (Associazione Nazionale Medici Cardiologi Ospedalieri (ANMCO)) in Florence for an assessment of technical quality and suitability for quantitative analysis. Scans were considered acceptable if they allowed visualisation of all myocardial segments from at least two complementary or orthogonal views, and visual assessment of both endocardial motion and myocardial thickening. For wall motion analysis a 16 segment model was used, and each myocardial segment was scored using the semiquantitative grading system proposed by the American Society of Echocardiography (1, normal; 2, hypokinetic; 3, akinetic; 4, dyskinetic; 5, aneurysmal). 16 Videotape analysis was undertaken centrally by three expert investigators unaware of patients' clinical, ECG, or angiographic data, who assigned the wall motion score by consensus. The percentage wall motion abnormality-an index of the extent of ischaemic myocardial damage-was obtained by dividing the number of akinetic, dyskinetic, and aneurysmal segments by the total number of segments evaluated. Previously reported values for our interobserver and intraobserver reproducibility in assessing the wall motion score were 89% and 93%, respectively. 17 Echocardiographic images were then transferred to the hard disk of a Tomtec-Freeland Medical imaging off-line computer analysis system, where they were digitised to obtain endocardial contours and left ventricular cavity areas at end diastole and end systole from two apical orthogonal views. The modified Simpson rule was used to obtain biplane left ventricular volumes, and the ejection fraction was derived from the standard equation. All measurements were made by a single experienced operator (PLT) from three cardiac cycles, and the mean value was considered for analysis and corrected for body surface area to obtain the volume index. Intraobserver variability in the quantitative evaluation of end diastolic and end systolic volumes was 2.6 (2)% and 3.7 (3)%, respectively. 18 Colour Doppler evaluation of mitral regurgitation was qualitative for the presence/absence of regurgitation and semiquantitative for estimation of severity. Three grades of severity-mild, moderate, and severe-were identified, according to previously reported criteria, taking into account the width and depth of regurgitant jets from different views. 19 Regurgitation was evaluated as mild (score grade 1) if the jet width was judged visually to be less than or equal to one third of the receiving chamber width; moderate (grade 2) if the jet width was visually judged to be more than one third and less than half of the receiving chamber width; and severe (grade 3) if the jet width was half or more than half of the receiving chamber width. The relation between jet size and receiving chamber size was assessed by visual integration of the information obtained from all the different transducer positions, to ensure exploration of the entire receiving chamber and to allow adequate evaluation of the three dimensional characteristics of the jet. In our laboratory, the concordance between two observers for semiquantitative assessment of mitral regurgitation is 98%. 20 Left ventricular thrombus was defined by cross sectional echocardiography as an echogenic mass with well defined margins, adjacent to an asynergic myocardial segment, easily distinguishable from other cardiac structures such as anomalous left ventricular chords or trabeculations. It had to be seen in more than one view and to be visible throughout the cardiac cycle. 21 22 Diastolic flow velocity at the left ventricular inflow tract was determined using pulsed Doppler echocardiography in the apical four chamber view. The Doppler sample volume was placed about 1 cm below the plane of the mitral annulus between the tips of the mitral leaflets, where maximum flow velocity in early diastole was recorded. 23 The following variables were measured: peak flow velocity in early diastole (E), peak flow velocity at atrial contraction (A), peak E/A wave velocity ratio, and the deceleration time of early filling. The mean of three consecutive beats was used for each measurement. Left atrial area was calculated at end systole, in the apical four chamber view, tracing the inner border of the endocardial echoes of the chamber walls, and using the plane of the mitral annulus as the inferior boundary. The mean of three consecutive beats was used for each measurement. 24 Statistics Statistical analyses were undertaken using a 6.04 version of SAS software for PC. Comparisons between groups were made using an unpaired Student t test and χ 2 analysis for continuous and categorical variables, respectively. Stepwise multivariate logistic regression was used to identify independent predictors of thrombus formation. A probability value of p < 0.05 was considered significant. Values are given as mean (SD).
RESULTS
Of 878 patients enrolled in the GISSI-3 echo substudy, 757 with their first acute myocardial infarct and with available echocardiographic recordings at S1, S2, S3, and S4 were available for analysis. Moderate or severe mitral regurgitation was found in 36 patients (4.7%) at S1. Wall motion abnormality (34.1 (12.7)% v 25.8 (14.4)%; p < 0.001), peak E velocity (73 (
Left ventricular thrombus formation was detected in 64 patients (8%) in one or more of the four consecutive examinations. In 49 patients (77%), the thrombosis was recognised during the hospital admission, while thrombosis of new onset was found in only 15 patients (23%) during the six month follow up period. The clinical and echocardiographic characteristics of subjects with and without left ventricular thrombosis at any time are shown in table 1. Compared with the remaining 693 patients, subjects with left ventricular thrombosis were significantly older (p < 0.005), more often had an anterior infarct on ECG (p < 0.001), and had a greater percentage of wall motion abnormality (p < 0.001). In addition, they showed significantly greater end diastolic and end systolic volumes and a more depressed left ventricular ejection fraction on admission.
The use of thrombolytic agents, aspirin, and oral anticoagulants did not differ between patients with and without left ventricular thrombi. The prevalence of moderate to severe mitral regurgitation at S1 was greater in patients with left ventricular thrombosis (10.3% v 4.2%, p < 0.005).
During the six month follow up period, the percentage of patients undergoing revascularisation procedures was greater in the group without left ventricular thrombosis (percutaneous transluminal coronary angioplasty: 4.8% v 0%, p < 0.05; coronary artery bypass grafting: 3.4% v 0.5%, p < 0.05).
In a stepwise multiple logistic regression analysis, the percentage of wall motion abnormality (odds ratio (OR) 1.07, 95% confidence interval (CI) 1.05 to 1.19) and anterior site of infarction (OR 2.32, 95% CI 1.26 to 4.26) were the only independent correlates of left ventricular thrombosis at any time. Moderate to severe mitral regurgitation at S1 or at any time thereafter had no significant effect on left ventricular thrombosis.
The patients were subdivided in two groups according to the presence of left ventricular thrombosis before (early) or after discharge (late). Both groups showed progressive left ventricular enlargement, but at all times the left ventricular volumes were significantly greater in the group with early thrombus formation (figs 1 and 2). No difference was found between the groups for left ventricular ejection fraction or wall motion abnormality.
When compared with the 693 patients without left ventricular thrombus formation, those with late left ventricular thrombosis had a greater degree of wall motion abnormality (41 (11)% v 25 (11)%; p < 0.001), but there was no difference in left ventricular volume or ejection fraction.
In a subgroup of 74 patients considered to be at increased risk of left ventricular thrombosis on the basis of an anterior (table 2) .
DISCUSSION

Left ventricular thrombosis in acute myocardial infarction
The prevalence of left ventricular thrombosis, a well recognised complication of acute myocardial infarction, differs in various published reports. [3] [4] [5] Discrepancies may reflect differences in patient selection, the timing of examinations, and drug treatments used.
The present study, involving a prospective serial echocardiographic evaluation over six months, allowed us to assess the incidence of left ventricular thrombosis in a population of patients with their first acute myocardial infarction who were treated according to recent therapeutic protocols. 15 The occurrence of left ventricular thrombosis at any time was 8%-lower than previously reported [3] [4] [5] but very close to the value of 5.1% found in the whole GISSI-3 population on their predischarge echocardiographic evaluation. 6 This lower left ventricular thrombosis rate probably reflects patient selection, as subjects in shock or with haemodynamic instability were excluded from our study population. Furthermore, our protocol included only those patients who had echocardiographic examinations suitable for qualitative and quantitative analyses, which introduced another a priori selection bias. The slightly higher left ventricular thrombosis rate compared with the Chiarella GISSI-3 data 6 reflects differences in the study protocols: while the GISSI-3 predischarge echocardiogram provides only one target time in the left ventricular thrombosis history, our protocol-with serial echocardiographic recordings-allowed us to evaluate the phenomenon over time. Furthermore, the early echocardiographic examination performed at S1 in our study (36 (8) hours from symptom onset) could explain our greater incidence of left ventricular thrombosis, as left ventricular thrombi can occur within a few hours after experimental infarction and disappear later. [25] [26] [27] [28] The appearance of left ventricular thrombi during acute myocardial infarction has been related to an anterior site of infarction, to deterioration in left ventricular function, and to aneurysm formation. 2 26 28 29 Our study confirms these reported relations in a low risk population, in which the extent of wall motion abnormalities and an anterior site of infarction were the only independent correlates of left ventricular thrombus formation at any time. However, in our cohort, late left ventricular thrombus formation was clearly related to the extent of wall motion abnormality, whereas early thrombus formation was related to left ventricular volume: patients with early thrombosis had larger volumes than those with late thrombosis or subjects with no thrombosis. This suggests a possible additional role of left ventricular remodelling in causing early left ventricular thrombosis.
Despite its widespread use in the clinical setting, the effect of thrombolysis on left ventricular thrombus formation during acute myocardial infarction remains unclear. Thrombolytic agents should protect patients with myocardial infarcts from left ventricular thrombi as their use reduces blood coagulability, lessens the infarcted area, and results in improvement in left ventricular function. Nevertheless, there is no agreement on the effectiveness of systemic thrombolysis in preventing left ventricular thrombosis after acute myocardial infarction. [30] [31] [32] In the present study, the lack of any reduction in left ventricular thrombus formation in patients receiving thrombolytic treatment may be explained by the rather small infarct size in our study population.
Relation between mitral regurgitation and left ventricular thrombi in patients with acute myocardial infarction Previous experimental and clinical studies have shown abnormal blood flow patterns in the left ventricular cavity during acute myocardial infarction. In dogs with experimental infarcts, blood flow patterns depend on the degree of left ventricular asynergy 33 : in apical dyskinesia, the inflow blood distribution towards the infarcted area is virtually absent, with stagnation at the apex, while in akinesia the blood flow bifurcates into two streams, with stagnant blood between them. Both these abnormal flow patterns are responsible for thrombus formation. 33 In a clinical study of patients with acute myocardial infarction, two distinct abnormal left ventricular flow patterns related to the development of thrombus have been described 7 : a free vortex ring type and an apical rotating type. More recently, Van Dantzig and colleagues confirmed the pathogenic significance of flow disturbance for thrombus formation, stating that abnormal left ventricular flow on admission was the only independent predictor of left ventricular thrombosis after acute myocardial infarction. 8 On the basis of the latter observations, in the present study we tested the hypothesis that mitral regurgitation-a condition associated with increased left ventricular inflow velocity and reduced stasis-might prevent left ventricular thrombosis in patients with their first acute myocardial infarction. Our results suggest that in a low risk population with acute myocardial infarction, mitral regurgitation does not prevent left ventricular thrombus formation; indeed we observed an increase in left ventricular thrombosis in patients with significant mitral regurgitation. These findings are consistent with those of Van Dantzig and colleagues, 12 who found a progressive increase in left ventricular thrombosis with increasing mitral regurgitation in patients with acute myocardial infarction, though they appear to contradict the findings of other investigators who have shown that mitral regurgitation is protective against left ventricular thrombosis in patients with dilated cardiomyopathy. 9 10 34 This discrepancy is probably accounted for by differences in the patient populations-thus subjects with a severely depressed ejection fraction but without acute myocardial infarction are likely to behave differently from low risk patients with acute myocardial infarction and a better preserved left ventricular function.
In patients with mitral regurgitation, peak E velocity seems to correlate with regurgitant fraction and has been proposed as a screening tool for evaluating the severity of mitral regurgitation. 35 The higher peak E velocity recorded in our patients who had moderate or severe mitral regurgitation at S1 confirms the presence of increased early filling velocities at mitral annulus level, and possibly at all levels of left ventricular inflow, but this was not sufficient to prevent left ventricular thrombosis. However, we did not evaluate apical flow velocities throughout the cardiac cycle so we could not assess the influence of this variable on left ventricular thrombus formation.
Limitations
A potential limitation of the present study was that we focused on the severity of early mitral regurgitation, while left ventricular thrombosis was assessed in all four echocardiographic studies. The degree of mitral regurgitation may change after acute myocardial infarction, particularly after reperfusion therapy, and such a change may influence the development of left ventricular thrombosis. However, left ventricular thrombosis of new onset was found only in 23% of patients during the six month follow up period, whereas 77% of patients developed left ventricular thrombus during the acute phase of myocardial infarction. When we included moderate to severe mitral regurgitation at any time after the infarct in the multivariate model, the results did not change.
Conclusions
We found that early mitral regurgitation and left ventricular thrombus formation were significantly related to the extent of wall motion abnormality. Both findings may reflect greater myocardial damage during acute myocardial infarction and this could explain the lack of effect of early mitral regurgitation in preventing left ventricular thrombosis. Our data suggest that left ventricular remodelling could be another potentially important determinant in early thrombus formation.
APPENDIX
The following individuals and institutions participated in the GISSI-3 echo substudy: A 41 year old female intravenous drug user, with a remote history of a mechanical St Jude aortic valve replacement, was admitted to our institution with a 10 day history of fever, chills, malaise, haematuria, altered mental status, and embolisation to the lower extremities, kidney, and brain.
Blood cultures were positive for methicillin sensitive Staphylococcus aureus and the patient was started on nafcicillin, gentamycin, and rifampin.
A transoesophageal echocardiogram was performed revealing severe aortic insufficiency and a large aortic root abscess with dehiscense of the mechanical aortic, and multiple vegetations in the left ventricular outflow tract (arrowed below) simulating native AV leaflets movement during the cardiac cycle. The left hand panel shows a large area between the mechanical aortic valve (arrow head) and the left atrium (LA) with multiple heterogenic echodensities, consistent with a 3.5 cm. diameter intervalvar fibrosa and aortic root abscess. The right hand panel shows the mechanical aortic valve (arrow head) has been displaced by the aortic root abscess with resultant prosthetic valve dysfunction and severe aortic insufficiency.
The patient died before surgery was attempted.
G Crespo S Maraj L E Jacobs crespog@einstein.edu Cyanosis, cor triatriatum, and primum atrial septal defect in an adult A 44 year old woman presented with increasing breathlessness and peripheral oedema. Examination revealed central and peripheral cyanosis, pronounced elevation of the venous pressure with tricuspid regurgitation, a palpable right ventricle, and a fixed split second sound with an exaggerated pulmonary component. There was pulsatile hepatomegaly, ascites, and peripheral oedema to the mid thigh.
Oxygen saturation at rest was 65%. Transthoracic echocardiography revealed pronounced dilatation of the right ventricle with a large primum atrial septal defect and a stenotic membrane which partitioned the left atrium. Transoesophageal echocardiography confirmed the membrane separating venous return from all but the left lower pulmonary vein, from the left atrium (arrow indicates orifice between the membrane and the left atrium (LA); LV, left ventricle; RA, right atrium, RV, right ventricle). The orifice in the membrane was < 1 cm in diameter with Doppler features consistent with significant flow obstruction. There was torrential tricuspid regurgitation directed across the large primum atrial septal defect causing mixing of unoxygenated and oxygenated blood. Corrective surgery was contemplated, but before this could be arranged she decompensated and died.
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